
-""̂  The BCD Aeat is a laboratory method of measuring' tho' quantity of dissolved
oxygen, required during stabilisation of all or a portion of organic matter
present. JJET*. waste by aer ob4e__̂ ^̂ |)Bim3.gaj|.jietiog<t } file test is informed by
making suitable dilution* of the was to in appropriately prepared oxygen
saturated water and then determing the dissolved oxygen used after a period of
incubating, usually five (5) days. The authority for the BCD teat is 10th
edition "Standard Methods for the Examination of Water, Sewage and Industrial
Wastes"', page 260-366. the following ia an interpretation of the accepted
method with the pertinent points outlined in detail* The procedure outlined
has been found to give reliable results*

Your attention is invited to the fact that tfao test was modified to some
degree in 10th Edition Standard Methods (1955). This procedure superoedes
those procedures based on previous editions of the Standard Methods. A.
detailed explanation of the test can be found in National Council Technical
Bulletin No. 1*0.

Equipment Required

Incubator or Water Bath - This should be of adequate size to hold at least
50-100 BOD bottles* If possible, it should be large enough to store at least
one 5~ gall on jug of dilution water » The temperature should be maintained at
20°C ( + or -

BCD incubators aro available from most laboratory equipment company s.
Satisfactory incubators or water baths can be fabricated at the mill providing
a source of cooling water is available that remains below 62°F the year around.
Drawings of incubators or water bathe suitable for the test are available upon
request to any Council Office,

Relative humidity rooms that have a temperature controlled to the required
limits may be used for incubation. If the average temperature is more or less
than 20°C a suitable temperature correction of the computed BCD must be made
using Table No. g.

BOD Bottles - For convenience, commercially available 300 cc BOD bottles,
serially numbered with individual numbered stoppers and water seals are
recommended* Two docen BCD bottles is the m-iTiinnim number required*
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Ikble I

BOD RANGE CHARTS
(For 300 ml Bottles)

For SamprtetHrrith BCD of 450 ppm or Lees

Sample
(ml)

3
4
5
6
7
8
9

10
12
15

Dilution
Factor

100
75
60
50
43
38
33
30
25
20

BOD
Range
(PPM)

200-600
150-450
120-360
100-300
86-256
76-228
66-198
60-180
50-150
40-120

Sample
(ml)

20
25
30
4o
50
60
75

100150
200
JOO

Dilution
Fac tor

15
12
10
7.5
6
5
4
3
2
1-5
1

BOD
Range

(PPM)

30-90
2^-72
20-60
15-4512-36
10-30
8-24
6-16
4-12
3-9
2-6

NoV 2

For Samples With BOD of 450 ppm or Greater
(Waste Sample ia Diluted 1/10 - 1 volume waste to 9 volumes water)

Dilutad
Sample
Ml

10
20
30
4o
50
60

Dilution
Factor

300
150
100
75
60
50

BOD Range
PPM

600-1800
300-900
200-600
150-450
120-360
100-300
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The Dissolved Oxygen Determination

1. Remove stoppers from 8-10 BCD bottles.

2. Add 2 ml. manganous sulfate solution to each bottle (keeping pipette
below surface of liquid).

3. Add £ ml alkaline iodide solution (keeping pipette below surface of the
liquid). Replace the stopper of each bottle as soon aa this solution is
added.

U» Rinse the bottles and mix by inverting 10 times.

5. Allow to stand until precipitate settles to ̂  point of bottle.

6. Mix again by inverting the bottles 10 times.

7. Let precipitate settle to tha ̂  point again. To those bottles that do
not show a completely white precipitate, add 2. ml of concentrated

8. Rinse the bottles and mix by inverting until the floe disappears.

9. Titrate 200 ml of sample (or the calculated volume corrected for
normality of the sodium thiosulfate — • see preparation of Reagents for
determination of this volume) in a 250 ml beaker. Add the sodium
thiosulfate (0,025$) stirring continuously until the solution reaches
a pale straw color. Add a daah of starch and titrate dropwjse until
nne drop destroys last trace of blue color.

10. Record the volume of thiosulfate used as PPM dissolved oxygen in the
sample.

11. If excess sodium thiosulfate is added, the end point is passed, use the
100 ml of sample remaining* The ml of the thiosulfate used multiplied
by 2 is the dissolved oxygen concentration in the sample.

. Preparation of the Dilution Water n
/ oy " ?' -<T i • • • - - • _\ r - o -••-"* -. '• -•

'"1. Aer a teAdi stilled water free of copper to about S ppm DiOr, pl»ee a.
oottofe plug lit "the peek and let .stand for 2. or 3
Wh«|i ready to set "up BCD's, draw off int* anotner bottle slightly in
excesc the amount of water needed to perform the -teat. It is convenient
to calibrate this bottle ic liter increments*

To this bottle add each of the following solutidia at the rate of 1 ml.
per li tercel* 3.8 ml. per gallon, VL ' 3 ,..,/ ,:j_^ J^- "~f,^^'f. ~

(a) Phosphate buffer.
(b) calcium chloride*
(c ) magnesium sulphate . .. . • .
(d) ferric chloride

The preparation of these solutions is covered later.
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Preparation of the Dilution Water (cont)

2. Seed -the dilution water in the second bottle with well settled domestic
sewage that has been aged and acclimated as described below. _ Add
sufficient seed to obtain a drop of about 0.5 ppo C.0»--itr^he dilution
water during the incubation period. Experience jwrTI dictate the amount
if seeding material required. The amount add«d normally falls between
1 and 10 ml per liter of dilution water. Three ml/liter is a recommended
dose if there is insufficient experience available to determine the dose.

:

To prepare the seed, collect domestic sewage that has not been chlorinated,
add 10 ml of the waste per liter of sewage and let stand in an open
wide mouth jar for 2i|-36 hours at 20°C. Do not use seed that is more
than [4.8 hours old.

Dilution water to which phosphate buffer and seed have been added should
be discarded after one day.

The quality of the dilution water and viability of seeding material
are best checked by determining the BCD of standard solutions of
glucose or glutamic acid. This procedure is outlined later.

Preparation of Reagents and Solutions

(A) Nutrients for BCD Dilution Water.

1. Phosphate Buffer Solution - Dissolve 8.5 grama ^2 POh. 21.75 grams
35-U grams H^H"^.?^ and 1.7 er&mB j n c l ^ about 500 ^

of distilled water and dilute to 1 liter. The pH of this solution
should be 7»2 without further adjustment.

2. Calcium Chloride Solution - Dissolve 27.5 grams CaClg (anhydrous)
in distilled water and dilute to one liter.

3. Magnesium Sulfate Solution - Dissolve 22.5 grams MgSOi .71^0 in
distilled water and dilute to one liter.

k* Ferric Chloride Solution - Dissolve 0.25 grams FeCl,.6H_o in distilled
water and dilute to one liter <,

(B) Reagents for the Dissolved Oxygen Test.

1. Manganous_Sulf^.teSolutionJ- Dissolve 1*80 grams Mn SOiJ^w Q (or

grams Mn SO^.H _0) in distilled water, dilute to one liter. Filter out
or settle out precipitate and retain the supernatant.
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L 2. Alkaline Iodide Solution 7 Dissolve 500 grains NaOh (or 700 gms. KOH)
in 500 ml of distilled wacer.

Dissolve 150 gms of KI (or 135 grams Nal ) in 150 ml distilled water.

Dissolve 10 gms sodium aside in Uo ml water,

After all mixtures have dissolved and cooled, mix and dilute to one liter.

This solution is stable for one month. The caustic and iodide solutions
may be mixed, diluted to 950 nil and stored for long periods of time.
As required dissolve 1 gram sodium aside in 5 ml of distilled water and
add to 100 ml of the caustic-iodide solution.

3. Sulphuric Acid - Reagent Gre.de - SO 1.83-1.8U«

Sodium Thiosulfate - N/10 Stock solution. Dissolve 2l±.82 grams
Na2

s203* 5H20 in 750 ml distilled water and dilute to one liter. This
solution may be preserved with 5 ml chloroform or 1 gram NaOH.

Sodium Thiosulfate - ti/^O (0.025N) solution. Dilute 1 volume of N/10
stock solution with 3 volumes of distilled -water. Standardize this
solution every J weeks by the following procedure.

(a) Add about 5 grams KI crystals to each of three 300 ml
Erlynmeyer flasks.

(b) Add 150 ml of distilled water and dissolve the crystals.

(c) Add 10 ml IslO %SO^ (10 ml HgSO^-t-gO ml distilled water)
to each flask. ,/

l//.: y A •,-•; . -C <•• •• '
(d) Add exactly 25 ml of Standard ft*HEt**a»g SoAutetwi to each of

the flasks with a burette or, volumetric pipette.

(e) Dilute to 200 ml and titrate with the thiosulfate solution.
Add ittaroh toward the end of the titration when a pale straw
color is reached. Add thiosulfate dropwise until one drop
just destroys all the blue color.

Example

Standardization of Thiosulfate.

BQ Ml
Standard-Bi-Iodate Thiosulfate Solution

25 25.4
25 25.U
25 2S 7

Ave 25.5

! 9 5 3 9



-9-

Normality of Thiosulfate - 2.5°0 v -A U».
ml thiosulfate required

- 25-0 x 0.025 = ,o2U5 ̂

SizeXof sample to "be aaed- in^tltxation ~. ft.025 — X'200 .a. 20iTttl

~6» Standard Bi-Iodate Solution - For stock solution, dissolve exactly
1.625 grams KlOy HI0^ ^ ^QQ ^ di6tilied water and dilute to 500 ml.
This solution is N/10,

The N/Uo (0,025 N) standard is prepared as needed by diluting 1 volume
of the stock solution with 3 volumes of distilled water.

7. Starch Solution - Make a paste using 5 grams water soluble starch and a
little distilled water. Pour this emulsion into 1 liter of boiling
distilled water, allow to boil a few minutes, Cool, settle and save the
supernatant. Preserve with 1.25 grams salicyclio acid or a few drops of
toluene,

Checicin6 Quality of Dilution Water & Seed Viability

Prepare standard solutions each time used by dissolving 300 milligrams of
C.P. glucose or C.P. glutamic acid in distilled water and diluting to one liter.

. than, -u '5/Si «s£ 2.17, -Vis -l
glucose should show a BOD of 22U-f or 11 ppm. An appreciable divergence from
these results should raise question as to either the viability of the seed or
quality of the distilled water.

Variations greater than-)- or - 22 ppm, more than 5% of the time indicate
that the technique used is subject to improvement.

When using purchased distilled water it ia well to determine the BCD of
glucose or glutamic acid using the water from each jug of water purchased.

Dechlorination of Waste Samples

To a 20D ml sample add approximately i^gram^jtl-orys^als. Dissolve the
crystals. Adjust pH of sample to jnffliii i f e » f f i « — filtrate with 0,02-5 N sodium
thiosulfate until the solution is-* pal*^ellow, add a dash of starch and
titrate until ona drop destroys the remainin^blue color.

' ' - ^^"^Add to a BOO ml sample of the waste the amount^stf thiosulfate determined
above. Let the sample stand 10-20 minutes, then set up*--the BQD's using this
sample. ^~\
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Cleaning Glass Ware

/
*x BCD bottles should be cleaned after each use with dichromate cleaning
solution and then thoroughly rinsed.

Prepare the cleaning solution by dissolving approximately 10(O grams of
potassium dichromate, or sodium dichromate in 375 ml distilled water and make
up to one liter with concentrated HgSÔ . Add the acid to the water solution
slowly with constant stirring.

The dilution water jugs, siphons, etc. should be cleaned occasionally with
strong chlorine solutions to kill any residual algae growth.

Trouble Shooting the BOD Test

Since the BOD test is a bio-assay reliable results are dependent on the
nature of the waste, the technique employed, and cleanliness of equipment.

On rare occasion, even after proper treatment of the sample, a sample may
exhibit some toxicity. This ia evidenced by successfully higher BOD values as
the dilution becomes greater.

Most paper mill wastes, if prepared as previously outlined, do not exhibit
toxicity.

Sloppy measurements when adding waste to the bottles is a common source of
error. Poorly mixed samples from which a representative sample cannot be
obtained is another source of error. Over snooting the end point is a third
source of error in technique. This can be avoided by dropwise titration toward
the end of the titration.

Erratic BOD results can be caused by improperly cleaned equipment. Excessive
drops in D.O. in the incubated blanks may be caused by the presence of algae.

If the precautions outlined herein are followed and trouble with the test
is encountered, contact your Council Regional Engineer.
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EVALUATION OF WASTE SOLIDS AND B.O.D.

1. Install a weir in No. 2 sewer to get an idea of flow,

B.O.D. and total suspended solids going to the river.

2. If the results in the preceding are high then we should

oioe the water from No. 2 sewer to the waste treatment plant.

This will allow us to reduce solids in the water by 807o and

B.O.D. by 307o.

3. If the efficiency of the waste treatment tank falls below

80% we should reduce the a-nount of fresh cooling wnter going

to the treatment olant. At ore sent we are operating the

treatment tank at better than 80% efficiency.

4. U'e should reuse as much white water in the mill as

practically possible. This includes consistency regulators in

the beater rooms and on machines, wire showers on No. 2 and

centricleaner dilution on No. **.

5. The gate on No. 3 sewer should be modified so that water

will not flow to the river when the gate is down. At present

a considerable amount of water goes to the river even when

the gate is closed.

(1)
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6. We will check the B.r.D. of zinc hydrosulfite wash

water. We are already checking the solids. From this

information we can determine how serious a disposal nroblen

the zinc hydro water will be.

7. When the waste treatment tank solids removal efficiency

drops below 80''o we can consider coagulating aids. Before this

is done we should remove all possible fresh water coing to the

treatment tank.

8. A coagulating agent may help our B.O.D. but we will have

to check on our specific wastes. Work is being; done on this

by Andre Carron in Kalamazoo.

9. We are going to check the B.O.D. of starch to see what the

amount of B.r.D. could be on a dump of starch into the

river. At present the drain from the starch room goes directly

to the river.

ID. As per last conversation with Andre Carron it was agreed

that all possible steps should be taken to keep from going

to secondary treatment of wastes. Not only would the initial

cost be high but the operating cost is very high.
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If we still have an excessive amount of B.O.D. after

we make the oreceding changes it is recommended that we go

to soray irrigation. Ve would soaay only that volume of

water necessary to keen our loss to the river under the

maximum Ibs. of B.O.D. allowed. This would be the most

economical way to handle the problem is we can not e,et

the B.O.D. low enough by reusing white water.

(3)
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THE APPLICATION OF STABILIZATION
PONDS IN THE PURIFICATION Of
PULP AND PAPER MILL WASTES

Harry W. Gehm

Tlir use of stabilization basins for
t i n 1 reduction of J1OD of pulp mill
effluents is the most widely practiced
form (if secondary treiit i i ient employed
by the pulpinj.' industry today.
Twenty-three Jar<.'e kraf t pulp mills
employ this tcehnii|uc as do two large
chip board mills. In addition, <|iiite a
n u m b e r of .small m i l l s have stabiliza-
t i o n basins. Tin1 reasons for the se-
lect ion of th is form of treatment are
as fo l lows:

1. Geographical Location:—Most
m i l l s employiii!» s tabi l iza t ion basins are
kraft pulp mills located in the south
where except ional ly low receiving
stream flows and li i irh water tempera-
tures are observed seasonally, hence
effluent* require seenndary treatment.
At many mills in the south, large areas
of suitable land arc available and the
high ambient temperatures promote a
hijrh level of mirrobial activity in
stabilization basins for the greater part
of the year. N'orth temperate climates
provide suitable conditions in some
cases, but their use in the northern
climates is not feasible.

2. Responsivencss of Effluent to
Treatment:—Effluent from modern
k r a f t mills is of about the same
strength as domestic wastewater in
terms of BOD (150 to 300 mg/1),
oxidizes at a similar rate and does not

Hnrr\i IT. Grhm it Technical Adiiior, Na-
tional Council far fitrrnm Improrement, Inc.,
AY'r Tori.

Tlir pfi/irr mis i,n-*rnti-il at the Salh An-
mini Mrrlinp nf the I t ' a l r r Pollution Control
Federation in Toronto, Out., Oct. 7-11, 13€!.

contain substances in imica l t» the Iwc-
ter ial activity. Al though n u t r i e n t ad-
dition is required for oxidizing this
waste efficiently by the activated sludge
process, their addition does not appear
measurably stimulating to the oxida-
tion rate.

3. Reliability of the 1'rocess:—
Properly designed and managed sta-
bilization basins are more reliable in
terms of consistency of effluent quality
than mechanical treatment systems
since they are not subject to break-
downs and handle periodic overloads
without upset. This is an important
advantage in any stream pollution con-
trol process since months of successful
operation can be destroyed by one day
of failure.

4 Flexibility i—The degree of treat-
ment is controllable within reasonable
limits since it is proportional to the
area and depth of the basin employed
for a given discharge.

5. Capital and Operating Cost:—
The capital and maintenance costs of
stabilization basin treatment is gen-
erally a fraction of that of mechani-
cal secondary treatment and the op-
erating cost is considerably lower.

Treatment Discussed
Such treatment in the pulp and

paper industry has been an outgrowth
of the waste holding basin first em-
ployed by some kraft mills for protec-
tion of receiving waters. "When these
mills were built, the spent liquor re-
covery system was still rather primi-
tive, as were some of the unit processes

1174
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ami equipment employed in it. System
chemical losses were about five times
higher than from the modern recovery
plant, and frequently slugs of spent
conking liquor found their way to the
sewer. In order to prevent direct dis-
charge of the Btrong and caustic efflu-
ent produced by the old systems at low
receiving stream flows regulating
basins were constructed at many mills.

As improvements such as counter-
current vacuum pulp washing, the
long tube multiple-effect evaporator,
continuous causticizing, and others
were employed in recovery plants,
losses decreased radically and upsets
became infrequent. This progress was
reflected iu a decided change in effluent
character. The waste lost its strong
rnusticity and became relatively neu-
tral and weak in strength as measured
by other criteria. Pesch (1) reports
<L I'. R. Public Health Service survey
indicating nearly 70-percent decrease
in pounds of B(>D discharged per ton
of product between 1935 and 1950 as
a result of recovery plant improve-
ments.

It was observed by Hodges (2), Davis
(31. and others that an appreciable
BnD reduction occurred in holding
basins. This phenomenon was studied
in the field and the laboratory by
Carpenter and Porter (4) and by
Moggie (5). They demonstrated that
the oxidation observed on storage was
due mainly to microbial decomposition
and not to atmospheric oxidation of
reducing substances present in the
waste as some previously believed.
Their investigations also revealed the
necessity for removing fiber from the
waste previous to storage. When de-
posited on the bottom of a basin, fiber
liquefies rapidly adding very appreci-
ably to the effluent BOD. Another
difficulty is that gassification occurs,
floating the fiber to the surface and
preventing osygrcn absorption from the
at wosphere. The rate of fiber decompo-
sition under these conditions has been
reported by Lardieri (G).

As a result of these investigations,
some, mills won built stabilization
basins, and existing waste storage
basins at others were adapted to this
purpose, (,'rawford '") as well as
Bishop »nd Wilson iS) reported on
results ootained at two such early in-
stallations. Tints ut' this type pro-
vided a detention period for the effluent
of from 15 to :iO days and reduced the
5-day oxygen demand between 50 and
70 percent during the warm months.
Xo attempt was made to design them
at a fixed depth since the natural
topography determined their configura-
tion. Rather, the site was generally
selected on the basis of obtaining the
greatest capacity iu the smallest area.
BOD loadings ranged from O.G to 1.2
lb/day/1,000 s<i ft i0.07 to 0.14 g/
day/sq m).

These stabilization basins are not
strictly aerobic in activity but symbi-
otic with both aerobic and anaerobic
microorganisms being active in the
purification process. It has been estab-
lished that oxygen is dissolved in water
only at the liquid-air interface and is
transferred to deeper portions of a
quiescent body of water by diffusion
downward of the thin layer of oxygen
saturated water at the water-air inter-
face (5)1.9).

The importance of surface absorp-
tion of oxygen has been reported by
Amberg (10). These data indicate that
40-percent BOD reduction occurred in
3 days at a depth of 6 in. (15.2 cm),
8 days at 2 ft (0.6 m), and 20 days at
6 ft (1.8 m). Amberg also investi-
gated the effect of aeration at a four
foot depth. Aeration for a period of
4 days produced a BOD reduction in
the waste in excess of 90 percent, while
an unaerated waste was reduced only
40 percent after 14 days' storage at the
same depth. Of interest also in re-
spect to oxygen transfer at the surface
of a basin is the work of Riddick (11).
Although his studies were not con-
cerned with oxygenation, they illus-
trate the effectiveness of a low degree
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TABLE I.—BOD Reduction by Flowage of Kraft Mitt Effluent* in Shallow Stream Bedt
[Apprnx. 7 miles (11 kin) flmvage]

Mill No.

1

2

1 i , lrrau-l Mill
Tri'utincnt Kill. Hull

! mil II

1 IM..I Ki l l .
Mill )

in*. II
Ui-tluctiun

Flmvagc and Storage '<
Max. i 2!l( 4S
Min.
•\VB.

Flnwage Only
Max.
Min.
Avg.

:! Tlmvagc Only
Max.*
Min.

82 ; 7
147 ; P.)

1M
!»7

83

tfi i
4!l
:14

,
c>2 :tS

r>o

24 '.1 ! 40
AvK. -14 27 i

4 Sturaueand Klowiigc
Max. Ill 20 I
Min. !I7 , 1.2 - !IO
Avg. ' 104 1.3

' Effluent mixed with stream.

uf aeration in promoting circulation,
hence greater surface exposure and
mixing in stored bodies of water.
Border (.12) gives data on the BOD
reduction observed on flowage of kraft
mill effluents in shallow stream beds.
These data, summarized in Table I,
indicate that the oxygenation obtained
by such flowasre is very effective in
promoting stabilization.

Hci-aiise i»f these observations, con-
siderable effort is being made to both
improve effectiveness of existing basins
as well as extend the usefulness of the
process by reducing the storage time
requirement improving reoxygenation.
Keeireiilation and aeration also allow
trea tmen t of stronger wastes such as
boardmill effluents which range gen-
.•rnlly from :MXJ to liOO nig/l BOD.

Operational Examples Given
One example employing both stor-

age and Hnwage is the system employed
at the Yaldosta, Florida, mill of
Owens-Illinois Glass Co. This installa-
tion, as reported by Webster (13),
achieves a 90-percent BOD reduction

through passage through two large oxi-
dation basins followed by flowage and
further retention in three small ponds
in series. A similar degree of ef-
fectiveness is attained by a series of
shallow basins, having an average
depth of 3 ft (0.9 m) and an area of
GOO acres (243 hectare), at the Conti-
nental Can Co. mill in Augusta.
Georgia, described by Heustis (14)
(13). This is the first installation
designed to provide shallow storage
for the purpose of obtaining higher
efficiency from the improved natural
reoxygenation so obtained.

Recirculation and aeration in stabili-
zation basins by means of low lift irri-
gation type pumps returning over
riffles is employed to treat boxboard
mill effluent at the Crown Zellerbach
Corp. mill at Baltimore, Ohio. BOD
reduction consistently exceeds 30 per-
cent during the summer months with
an average detention period in the two
basins of C days. Turnover achieved
by the recycle pumps is once a day.
Because of the strength of the waste
treated i..">00 to tiOO nig, I) and the
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ultimate necessity for a higher degree
of treatment, aeration needs to he sup-
plemented. Shortly a turbo-aerator
will be installed in each of the two
basins to provide additional oxygena-
tion over that provided by the pomp-
ing and riffling. A similar installation
is planned for another mill employing
a turnover rate of 10 times dally, to-
gether with turbo-aerators in each
basin (17).

Another means of supplemental
aeration is under investigation at the
Cantonment, Florida, mill of the St
Regis Paper • Co. Here a riffle ran
1,000-f t (30^m) long and 100-ft (30.9-
m) wide was «H*tnust*d nsiag 7 low
dams, the areas between which are
filled with rubble in order to create
turbulent flow. Up to the present this

small unit has received a daily fiowage
of from 30 to 35 mgd (113,700 to
132,650 eu m/day) and produces a
BOD reduction of about 15 percent.
Tests are under way now to determine
its efficiency at lower through-put rates
and with the addition of ntttrieats. In-
fluence of passage through the riffle
run on subsequent storage oxidation
will aim be explored.

An intensive investigation of high
degree mechanical surface aeration was
conducted at the P. H. Glatfetter Co.
mill at Spring Grove, Pennsylvania,
and is repotted by Westoa add Bice
(16). A view of toe aeration basins
employed is shown in Figure 1.

Six entrainment aerators, three per
basin, of 83 hp (61 hp metric) each,
were employed in the trials. BOD re-

TABLB D.—H*ct of Aentioo Treated EOtteat on Stance Oxkk&m

"HP
WuteAJom

1:3
1:2

w
»
3
5

BOD (BC/1)

WE.

210
213
173

Tntt*d
EflMt

18
8

Mixture

81
90
59

RUMWMt

TratttMt

49
55

U«x»

129
74
59

Total

129 -
123
114 -
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duction for two basins having a com-
bined detention period of four days
varied from 62 to 82 percent during the
summer and fall months.

Another means which has been tried,
on a pilot-plant scale, for increasing
the efficiency of stabilization basins
treating kraft pulp mill effluent, is by
pretreating a portion of the clarified
effluent by the activated sludge process
and combining it with the remainder
for stabilization treatment, fable II
indicates that storage for three days
of 1:2 and 1:3 mixtures of treated
and raw effluents produced a final efflu-
ent as good or better than that ob-
served for 20-day storage of the raw
waste alone. It is believed that a com-
bination of preconditioning and seeding

is responsible for the increased activity
in the basin. A similar observation has
been made for a basin following a
plastic media trickling filter treating
kraft mill effluent.

Basin Circulation
Employment of aeration and aerat-

ing devices for basin circulation is also
receiving attention. Diffused air de-
livered through drilled pipe has been
employed in some instances bat raft-
mounted mechanical entrainment aera-
tors appear to be a more practical
approach. One such raf t-monnted de-
vice installed in a basin at Georgia
Pacific Paper Co.'s Oregon mill, is
shown in Figure 2.

Data on the effectiveness of partial

TABLE m.—Performance of Aerated and Recycled Stabilization Sauna

Type of Watte

Flax Pulp

Int Kraft

J
Newt Chip

B«*ia
Depth*

(ft)

6

10
10
10

5
5
5

4 to 5

Drtta-
tioo

W*yi>

1

4
4
3

9
9
9

10

Airt
(eu ft/tal)

0.75

1.35
1.93
1.80

0
0
0
1.00

Recirc.

20

0
0
0

16X
16X
16 X
0

Two p.
CO

13-16

20-36
26-39
26-40

Winter
Spring
Summer
87-64

BOD

(mt/l)

lal.

73

252
213
193

533
542
515
378

Effl.

40

89
40
52

240
208
110
122

mand

33

163
173
141

293
334
405
256

lUdue.
tioa

45

64
81
73

55
62
78
68

* Multiply by 0.3 to obtain meters.
t Multiply by 0.008 to obtain cu m/1.
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TABLE IV.—Perfomaace of Subiliation Pond* at Reducing BOO ,

Mill 1'nxJuet

NVwsprint
Bleached Kraft
NVwsprint
Unbleached Kraft
Rlr.icliml Kraft

J

4* • • -.-„.

Type of TnttiiMMt Sy.u-m

Multiple plus Fbwage
Single
Single

Multiple plus Flowage
Single

Single plus Flowage
Sidjle

P«wl.AIM*
<KM) •

100
215
140
350
175

4,480
300

• MK.
RHMUOH

20
30
15
82
35

180
40

DOD '-;

It*-**
(•W.I)

300
290
180
200
108
130
ISO

SW'I
40

157
110
20
:«l
10
45

Removal
Ci)

80
4S
».l
!IO
GT
!)2
70

' Divide by 2.47 to obtam hectare.

aeration and mixing of stabilisation
basins is presented in Table III. The
high BOD redactions obUiiwd during^
relatively short storage periods d«mon-
Tfcrsfte "toe ^fiee'uveness otftfia practice.
There is no question that the BOD
loading rate can be greatly increased;
however, the relationship between the
degree of mixing and aeration to the
increase in efficiency under similar con-
ditions remains to be determined.

The most extensive system of this
type combines long withholding of mill
effluent together with stabilization.
This installation, located at the Spring-
hill, Louisiana, mill of International
Paper Co., has been described by
Coogan (18). Covering over 5,000
acres (2,020 hectare), these basins are
capable of witholding the entire effluent
from a 1,500 ton/day (1,360 metric
tons/day) bleached kraft mill for a
period of as long as 14 mo for dis-
charge over the month or two of high
runoff that occurs in the receiving
watershed annually. Facilities are also
provided here to fill the basins with
fresh water during the same period
for use in the mill throughout the
year. As a basin is emptied of fresh
water it is used to receive effluent.

Design Requirements
Stabilization basins will probably al-

ways be designed on the basis of the
land available of suitable topography.
However, from what has been learned,

ideal design requirements can be get
forth. These areas follow»:-j

"* ' 'iSfc
17 Stabilization baauu miK receive

«M*t--4NK, it *£M««W* VJiAb. Tor
this purpose, large circular clarifiers
are used. However, it is well to pro-
vide a small basin between the pond
and the clarifier which will allow solids
passing the clarifier during periods of
upset or repair to settle prior to enter-
ing the oxidation basins. This basin
should be so arranged that it can be
bypassed for cleaning.

2. Basins are best built in multiple
and operated in series to prevent short-
circuiting. At least two separate
basins should be used or a dividing
wall provided if a single basin is em-
ployed.

3. All dykes should be built properly
with a knowledge of soil conditions
and core walled where stability is ques-
tionable.

4. Basins should be cleared of
stumps and the bottom compacted
when this treatment is indicated.
Porous areas should be filled with dis-
persed clay.

5. Inlet and outlet structures should
be designed to provide for changing
the water level for mosquito control.

6. If basin depth exceeds 3 ft
(0.9 m), air or mechanical mixing
should be provided if high BOD re-
duction is to be achieved in a relatively
short storage period (10 days). De-
sign for unmixed basins providing a

#v
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so

can lie sot

ust receive
>Iids. For
r clarifiers
•ell to pro-

tlie pond
illow solids
periods of

ir to entcr-
Thirt basin
it can be

n multiple
vent short-

separate
i dividing
sin is em-

t properly
conditions
ty is ques-

earcd of
•ompacted
indicated.
with dis-

•es should
changing
control,
ds 3 ft
1 mixing
BOD re-
relatively
•s). Dc-
>viding a

high decree of B< >D reduction is based
on a loading of 1.2 lb/ilay/%000 sq ft
(0.13 g/day/sq in), 1.7 to 2.3 Ib/day
1,000 sq ft (0.2 to 0.3 g/day/sq m)
for agitated basins.

7. Intensively aerated basins having
very short storage periods (four days
or less) offer no appreciable advantage
over the activated sludge process either
from the standpoint of capital or oper-
ating cost, and are not capable of pro-
viding as pood a quality of effluent,
particularly in respect to suspended
solids content.

Conclusion
.Stabilization basins are rapidly gain-

ing recognition as an established treat-
ment process and are not to be con-
fused with uncontrolled storage basins
which do not compare with them in
performance and have, in many in-
stances, earned an unsavory reputa-
tion. How effective the process can be
is illustrated by the data presented in
Table IV. We are, at present, witness-
ing the development of smaller basins
of higher performance and a bright
future can be predicted for them.

Reference!
1. Pc»ch. A. W., "Improvement in the Kraft

Recovery Process.'' Pulp and Paper
.Vay. Ciinnilii, T-206 (I960).

2. Hodges, P., t". S. Patent No. 2,383,010
(1942).

3. Dnvis, C. L., "Experiments, Studies, and
Expenditures of International Paper
Co.. Southern Kraf t Dir., on Its Waste
Di.*po.s.i! Problems." (1944).

4. fiirpciiter, C. H., and Porter, C. C., "Ex-
perience in Purifying Kraft Mill
Wastes." Tech. Bull. No. 13, National
Council for Stream Improvement, New
York (1947) .

5. Moggio, \V. A.. "Siorage Studies on
Kraf t Mill Waste." Tech. Bull. No.
19, National Council for Stream Im-
provement, New York (1948).

C. Lardieri, X. J., "Tlie Aerobic and Ben-
thai Oxygen Demand on Paper Still
Waste Deposits." Tappi, 87, 12, 705
(1954,.

7. Crawford, S. C., "Ponding of Sulfate
Paper Mill Wastes." Sewage Works
Jour., 19, 4. 621 (JuS* 1947).

S. Bishop, F. W., and Wilson, J. W.,
"Southland Paper Mills Waste Treat-
ment and Disposal." Seu'age and In-
dustrial ll'asles, 26, 12, 1485 (Dec.
1954).

9. Pliclps, E. B.. "Strenm Sanitation."
John Wilev £ Sons, Inc., New York
(1944).

10. Amherg, II. R.. "Factors Affecting the
Lagooning of White Water." Tech.

Bull. No. 55, National Council for
Stream Improvement, New York (1952).

11. Riddick, T. M., "Forced Circulation of
Reservoir Waters." Water and Stu--
age Works, 104, 6. 231 (June 1957).

12. Bcrger, H. F., "BOD Reduction of In-
dustrial Effluents hy Use of Stabiliza-
tion Basins and Material Hydrologic
Features." Pulp an/i Paper Hag.
Caiiiiil.i. T-23U (190H).

13. Webster, W. T., "Reduction of Oxygen
Drm.inrl of Krnft Mill Wastes by
Natural Purification Facilities." Tech.
Bull. No. 76, National Council for
Stream Improvement, New York (1955).

14. Hcustis. C. S., "Design and Construction
of High Degree Effluent Treatment
Works .it tin1 Augusta Georgia Mill
of Continental Can Co.. Inc." Tech.
Bull. No. 139, National Council for
Stream Improvement, New York (1961).

15. Heustis, C. S.. TAPPI Engineering Sec-
tion Meeting (1902).

16. Weston, R. F., and Rice. W. C., " Con-
tact-Stabilization of Activated Sludge
Treatment for Pulp and Paper Mill
Waste." Tappi, 45, 223 (1962).

17. Rat l i f f , F. C., "The Use of a Circulating
LMJJOOII in a Papermill Effluent Pro-
gram." Prac. llth Ind. Waste Con/.,
Purilue Cuiv., Eit. Ser., 94, 502
(1958).

18. Coogaii, F. J., "Waste Control in a
Southern Paper Mill." THIS JOURNAL,
32, 8, 833 (Aug. 1960).

1 9544


